Introduction
In recent research and development in the field of biotechnology, intense focus has been seen in cell level analysis or control technology. Especially, in cell therapy and tissue engineering, function analysis and control of an individual cell is assumed to be essential for achieving full therapeutic effect. However, conventional tools for analyzing cullular function often suffer from chemical invasion and destroy of cell membrane, and hence they do not allow the practical use of measured cells in clinical applications. In this paper, we report the development of microdevices for physioelectirical measurement of cells by applying nano/microfabrication technologies. These devices enable the highly precise measurement of cell membrane potential and zeta potential of individual cells in a minimally invasive manner.
Planar Patch-Clamp Chip
Ion channels on the cell membrane play an important physiological role in regulating the movement of ions such as sodium, calcium and potassium, into and out of cells. And hence, they are critical target proteins in drug discovery. Patch-clamp recording is a powerful method that allows one to study the function of the specialized channel protein in real time by directly measuring ion movement through the channel using a microelectrode. However, conventional patch-clamp technique requires skillful operators and suffers from low throughput. And thus, chip-based patch-clamp devices with small planar apertures have been recently developed for the establishment of automated measurement systems. Unfortunately, planar devices reported so far do not have an attractive characteristic enough to replace with a conventional micropipette. In this paper, we have developed a planar patch-clamp device fabracated on transparent silica glass plate for the simultaneous measurement of electrical and optical measurement of cells and investigated its fundamental device characteristics.
As a planar aperture of micropipette, hole patterns with the diameter of 100 µm and 2 µm were engraved from both sides of the silica glass plate of 150 µm thickness. A small reservoir to hold cells and bath solution was attached on this plate, and a PDMS microfluidic sheet was attached under the plate for the exchange of electrode solution. Electric current between the internal and external solution was measured through Ag/AgCl electrodes and was recorded using an Axopatch 200B patch clamp amplifier (Axon Instruments, Union City, CA). Current-Voltage response was measured with and without human promyelocytic leukemia HL-60 cell on a aperture electrode during the application of pulse voltages of 50 mV, 20 kHz to the AgCl electrodes. As a result, the access resistance of the aperture was 2.5 MΩ with phosphate buffered saline and the seal resistance for the HL-60 was as large as 5 GΩ. Consequently, we have fabricated a planar micropipette device suitable for simultaneous electric and optical measurement and demonstrated the excellent electrical property that is comparable with the traditional micropipette.
Cell Electrophoresis Chip
Recently, high-speed cell typing based on cell cycle stage such as gap1 (G 1 ), synthesis (S), gap2 (G 2 ) and mitosis (M) becomes more and more important in the practical cell research. Unfortunately, however, the judgment of cell cycle stage of a living cell is difficult without DNA staining. Since cell surface charge is a characteristic value and is able to be measured non-invasively, electrophoretic mobility (EPM), which reflects the surface charge, is useful for the distinction of cell cycle stage. In this study, we studied on-chip EPM measurement of cells synchronized at different cell cycle stages and discuss the validity of a cell electrophoresis in typing the cell cycle stage. In result, EPM distribution of the cells synchronized at G 1 phase, S phase and M phase and the non-synchronized cells are as follows: -1.5~-0.25 × 10 -4 , -1.5~0 × 10 -4 , -1.25~-0.25 × 10 -4 and -2.75~0 × 10 -4 cm 2 /Vs, respectively. Moreover, the EPM distribution of synchronized cells was found to be much narrower than that of non-synchronized cells. These results suggested that EPM is different among cell cycle stage and the on-chip EPM measurement is a promising method for cell cycle stage distinction.
Conclusion
We have developed physioelectrical measurement device for single cell analysis using microfabrication technologies. Such a fusion of the microdevice technologies and biotechnologies is expected to provide powerful diagnostic tools for future cell study and cell therapy. 図 2 シリカ製マイクロピペットチップの作製プロセス 図 3 シリカプレートに貫通加工した計測孔 Slipping layer Slipping layer Slipping layer Cell Number Cell Number 
